A B S T R A C T Adipose tissue and muscle lipoprotein lipase and postheparin hepatic and lipoprotein lipase activities have been measured in a group of 21 Pima Indian males over a wide range of body weight to determine the relationship between obesity and these lipase activities. There was a significant positive correlation between adipose tissue lipoprotein lipase and obesity; muscle and postheparin lipoprotein lipase and hepatic lipase were not related to degree of obesity. Fasting insulin levels were not related to any of the measurements of lipase activity. There were racial differences in adipose and postheparin lipoprotein lipase activities; both were significantly lower in the Pimas as compared with a group of weight-matched Caucasian males.
INTRODUCTION
Lipoprotein lipase (LPL)l is a key enzyme involved in fat deposition. Human adipose tissue LPL activity has been shown to be related to obesity, since a significant correlation has been observed between adipose LPL per cell and relative body weight (1) . Moreover, LPL appears to be affected by nutritional alterations (1, 2, (3) (4) (5) (6) , and several investigators have observed that, in contrast to obese rats (7) , caloric restriction depresses human adipose tissue LPL activity (2) (3) (4) (5) . However, data on the response of adipose LPL to weight reduction followed by refeeding are contradictory. Schwartz and Brunzell (8) found that a group of previously obese men who had reached a stable reduced weight for at least 4 mo had adipose LPL activities much higher than those in a group of men of similar body weight who had not lost weight. They also observed that adipose tissue LPL activities after weight reduction followed by 1 wk of refeeding increased to levels several times those observed before weight reduction and suggested that adipose LPL is directly involved in the etiology of obesity (9) . On the other hand, Guy-Grand (10) found a decrease in adipose LPL in patients who were on a low calorie diet; LPL increased after a normal diet was resumed but did not surpass the initial level.
We have studied a group of males over a wide range of weight to determine the relationship between obesity and several lipase activities, including adipose tissue and muscle LPL, postheparin plasma LPL, and hepatic lipase (HL). Subjects were chosen from the Pima Indians, a population that has a high prevalence of obesity (11) and, thus, provides a homogenous group in which to study the etiologic factors in human obesity. We further examined the behavior of these variables in eight Pima males after a period of weight loss including several weeks of stabilization at the reduced weight. Our results suggest that there are genetic differences in adipose LPL, and that elevated adipose LPL is not a primary determinant of obesity in this population. Six subjects from the Piman cohort volunteered to undergo a period of weight reduction with repeat fat and muscle biopsies and heparin challenge after stabilization at the reduced weight. After base-line studies these six volunteers were placed on a 500-cal/d diet for 2-6 mo of the same composition (45% carbohydrate, 35% fat, and 20% protein) as the base-line diet and were given multiple vitamins. Two additional Pima males, who were not included in the crosssectional study, underwent biopsies and heparin injection after weight reduction only. The weight reduction diet of these latter two patients consisted of 30% of the total calories required for weight maintenance and of the same composition. All subjects were refed for [2] [3] [4] [5] [6] [7] [8] Analyses LPL activity was measured from heparin eluates of tissue fragments using radiolabeled triolein emulsions as substrate (14) . Tissue specimens were weighed, frozen, and allowed to thaw thereafter at 28°C in assay buffer. Control experiments verified that LPL activity from Pima cells resembled that from Caucasians in pH optimum, inhibition by 2 M NaCl, and stimulation by serum. Maximum elution of LPL by heparin was achieved at 10-20 mg/liter for cells from both racial groups. A heparin concentration of 50 mg/liter was used in the assay to ensure complete elution.
Postheparin plasma LPL and HL activities were measured by using an immunochemical method as described by Huttunen et al. (15) . In this method, before the assay of LPL activity, HL activity was inactivated by a specific antiserum against HL. HL activity was measured at high-salt concentration that inactivates LPL activity in the samples.
Adipocyte number per gram of tissue was determined by the osmic acid-electronic counting procedure of Hirsch and Gallian (16) . Glucose was measured by the ferricyanide method (17) , and insulin by the Herbert modification (18) of the radioimmunoassay method of Berson and Yalow (19) . Lipoproteins were isolated and cholesterol and triglyceride quantified as described previously (20) . Statistical analysis was performed using the Statistical Analysis System (SAS, Cary, NC).
RESULTS
Lipase activities and obesity. Mean values for adipose tissue LPL activity per gram of tissue or per 106 cells (Table II) were significantly lower in the Piman group than in the Caucasians. The Phoenix Caucasian values, shown in Fig. 1 , were well within the range shown for the Helsinki group, providing evidence that the racial difference observed was not a technical artifact. Postheparin LPL activity was also significantly lower in the Pimans, but skeletal muscle (Table III) . Since fasting insulin levels were correlated with PDW (r = 0.57, P = 0.008, n = 22) in the Piman group, we examined the relationship between insulin and lipase activities (Table III) . There was no relationship between fasting insulin and adipose LPL expressed per tissue weight or per fat cell, nor between fasting insulin and any of the other lipolytic activities. 2-h insulin values were not related to adipose LPL per cell (r = 0.10, NS) but were negatively correlated with muscle LPL values (r = 0.59, P = 0.006).
To examine whether postheparin LPL quantitatively reflected total tissue LPL, we examined the relation between postheparin LPL and tissue lipase activities (Table III) 
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relation with muscle LPL. The relationships among lipase activities and lipoprotein levels in the Piman subjects were also examined. Very low density lipoprotein triglyceride (VLDL-TG) and high density lipoprotein cholesterol (HDL-C) were inversely correlated (r = 0.64, P = 0.002). VLDL-TG was not related to adipose LPL (r = 0.08, NS), but VLDL-TG was significantly related to hepatic lipase (r = 0.68, P = 0.002). There were no significant relations between lipase activities and HDL-C, although HDL-C was negatively related to HL (r = 0.39, P = 0.10). Weight reduction. Table IV and Fig. 2 show the effects of weight reduction on the various lipolytic activities in the Pimans. The group lost an average of 27 kg per subject, and the average PDW decreased 39%. The two subjects who underwent weight reduction but had biopsies and heparin injections only after weight reduction decreased in weight from 168 to 141 kg (237 to 197% desirable weight) and from 112 to 98 kg (169 to 148% desirable weight) ( Fig. 2A , open circles without arrows). Adipose LPL per gram decreased in four of the subjects, increased in one, and was unchanged in one after weight reduction. All five subjects in whom adipose cell number was available both before and after weight reduction demonstrated a decrease in adipose LPL per cell2 (Table IV) . The behavior of adipose LPL with weight reduction is further illustrated in Fig. 2 in which the regression lines calculated for the relationships between adipose LPL per 2 It is likely that in subject 4 (Table IV) Fig. 2A) or LPL per cell (Fig. 2B) Although there was a consistent reduction in adipose LPL, no consistent pattern was observed in the behavior of postheparin LPL or muscle LPL after weight reduction (Fig. 3B , C, and Table IV), however, HL was possibly affected by weight loss, since four of six subjects demonstrated decreases and two were essentially unchanged (Fig. 3D) .
DISCUSSION
We have investigated adipose, muscle, and postheparin LPL activities in the Piman obese population during weight maintenance and after a period of weight reduction. The data showed a positive relationship between adipose LPL per cell and obesity in both the Piman Indians and in the group of Phoenix Caucasians. On the other hand, muscle LPL, postheparin LPL, and HL were not related to the degree of obesity in any group. There were differences between the two racial groups: adipose LPL as well as postheparin LPL were lower in the Pimans than in the Caucasians, whereas hepatic lipase and muscle LPL were quite similar in the two groups. After a period of weight reduction adipose LPL per cell and per gram declined in the Pimans; this decline appeared to follow the regression line for the relationship between adipose tissue LPL and PDW in this group. Muscle LPL and postheparin LPL were not affected by weight loss, although HL appeared to decline.
Adipose LPL was the only lipase activity related to obesity. Positive relationships have been observed previously between adipose LPL and body weight in studies that included normal weight subjects (1, 2). Although no previous study has examined all four lipase activities in obese subjects, postheparin lipolytic activity was not found to be related to obesity in obese Caucasians (13) .
Relationships among the various lipase activities in obese groups seem to differ when compared with those in normal weight individuals. Postheparin LPL was modestly related to muscle LPL in the Pimans, as in obese Caucasians (13) . Postheparin LPL was not related to adipose LPL; this also has been reported in other obese groups (13, 21) . In contrast, postheparin LPL is strongly related to both muscle LPL and adipose LPL in lean subjects (13) . It is possible that LPL activity present in postheparin plasma of obese subjects (24) . Data presently available do not adequately elucidate whether or how insulin resistance might be related to LPL activities, although the response of adipose LPL to glucose infusion has been shown to be lower in obese subjects (5) . Another possibility is that LPL activities may be regulated by availability of substrates (i.e., lipoprotein TG). VLDL levels have been shown to remain low in this population despite their obesity (25) . Although the previous studies of VLDL-TG were not performed under fasting conditions similar to those in the present studies, it is possible that the low LPL may be a reflection of low VLDL concentrations. It must be emphasized that in Pimans as in all obese subjects actual removal capacity, or total adipose LPL, is high, because there is a much greater fat mass.
Fasting insulin levels were not related to adipose LPL levels in the Pimans or in the control Caucasian group. Positive correlations have been reported in other obese groups (2, 21) . These findings, however, were based on the inclusion of lean individuals in the study groups; when only obese Caucasian subjects are examined, no relationship can be found (21, 26) . The lack of correlation in obese subjects could be because of increased genetic heterogeneity in obese individuals, or because the elimination of the lean individuals results in a more limited distribution of insulin and LPL values. On the other hand, in obese subjects there may be defects in secretion and releasability of LPL, which obscure the observation of regulation by insulin. Stimulated (2-h postglucose) insulin levels were found to be inversely correlated with muscle LPL levels in the Pimans, consistent with the finding of Lithell et al. (27) , however, no relationship was observed between adipose LPL and 2-h insulin levels. If insulin can influence both release and synthesis of LPL, then the lack of correlation of adipose LPL with insulin levels in obese groups would be consistent with the hypothesis that adipose LPL is influenced by the generalized insulin resistance that occurs in obesity.
Obese groups also show differences in relationships among lipase activities and lipoproteins. Although VLDL-TG and HDL-C were inversely related in the Pimas, there was no relationship between VLDL-TG or HDL-C and any of the LPL measurements. This was observed previously in other obese groups (13) . HDL-C showed the expected (28) negative relationship with HL and, interestingly, VLDL-TG was positively related to this activity.
Weight reduction in the Pimans resulted in decreased adipose LPL. The results appear to vary with the findings of Schwartz and Brunzell (9), who found increased adipose LPL per cell after weight reduction. The differences may be a reflection of differences in study design. Adipose LPL is known to be increased after caloric loads (2, 5, 6) , and composition of the diet may also influence LPL (2, 6) . In the present study patients were maintained on 45% carbohydrate, 35% fat, 20% protein diet before, during, and after weight loss. They underwent a period of 2-8 wk of stabilization at their reduced weight before rebiopsy; this period of time was required for stabilization of the caloric requirements for weight maintenance during refeeding. The patients of Schwartz and Brunzell (9) were transferred from a nofat liquid formula during weight reduction to a 40% fat formula during refeeding for only 1 wk before rebiopsy. This may have produced a relatively overfed state and thus an increased adipose LPL in their patients at the time of rebiopsy. On the other hand, a second group (8) maintained elevated LPL several years after weight loss, indicating that this was not a transient phenomenon. We have recently studied a group of nonobese Caucasian females before and after weight loss.3 Adipose tissue LPL activity decreased during caloric restriction; after caloric restriction it increased progressively up to the initial level. In the eight women, the average adipose LPL was 4.58±1. 16 Amol FFA * g-'* h-' before, 0.81±0.12 after 8 d on 400 kcal diet, 2.03±0.26 after 10-d refeeding, and 4.58±0.85 after 8 wk at stabilized reduced weight. Thus, it is possible that individuals may respond in several ways to weight loss: in some, obesity may be related to increased LPL (8, 9) and, therefore, LPL increases after weight loss; in others, as the Pimas, obesity may be attributable to other causes.
In conclusion the data showed that adipose and postheparin LPL were lower in obese Piman Indians than in obese Caucasians indicating that there are genetic differences in LPL activities. Furthermore, adipose LPL decreased after weight reduction. This implies that, in some groups of obese subjects, LPL activity 3Taskinen, M. R. Unpublished observations. behaves like other metabolic abnormalities, such as increased fat cell size or number (29) , increased plasma levels of trophic hormones (30) , and increased plasma TG levels (31) , which are observed in the obese state and return to normal upon weight reduction.
